Background: Oxidative stress and inflammation are associated with various age-related chronic diseases. The fruits and roots of Rosa multiflora Thunb. have been used in medicine for the treatment of edema and inflammatory diseases in Eastern Asia. Dried Rosa multiflora Thunb. flowers (RMF) are consumed as a tea in Korea, but reports on the biological activity of RMF are lacking. We evaluated the in vitro antioxidant and anti-inflammatory effects of an ethanol extract from RMF as well as various solvent fractions from the extract.
We aimed to evaluate the antioxidant and anti-inflammatory activities of the ethanol extract and its several fractions of Rosa multiflora Thunb. flowers (RMF) using RAW 264.7 macrophages.
METHODS
Sample preparation, extraction and fractionation RMF were picked from trees in the Gangwon Province (a mountainous part of eastern Korea) in May 2015. A voucher specimen (2007-0212) has been deposited at Korea University Herbarium. Harvested RMF were dried at 45°C for 35 hrs, shade-dried for 2-3 days in a farm, and freezedried in our laboratory (Samwon, Seongnam, Korea) for 24 hrs.
To obtain an ethanol extract (Et) of RMF, 50 g of powdered RMF was extracted in 95% ethanol (Ducksan, Ansan, Korea) ten-times (v/v) with stirring for 24 hrs. The supernatant was removed and passed through Whatman™ filter paper (No.2; Fisher Scientific, Pittsburgh, PA, USA). The residue was extracted once more with ethanol and filtered. The two filtrates were combined and evaporated using a rotary vacuum evaporator (Eyela, Tokyo, Japan) at 35 ℃ to remove the ethanol. For the sequential fractionation, the concentrated Et of RMF was dissolved in distilled water (DW) and then fractionated sequentially with hexane (Hx), dichloromethane (DM), ethylacetate (EA), and n-butanol (Bt), which thereby resulted in an aqueous layer (DW). All fractions were concentrated, freeze-dried, dissolved in dimethyl sulfoxide (DMSO) or phosphate buffered saline (PBS) to 50 mg/mL, and stored at −20°C.
Determination of total phenolic and flavonoid content
The total phenolic concentration in the ethanol extract of RMF and its fractions was determined according to the method described by Singleton et al. [14] . 100 µL of the sample was briefly mixed with 1 mL of 0.2 N Folin-Ciocalteau reagent and 200 µL of 20% sodium carbonate, and left in the dark for 1 hr. Absorbance was read at 760 nm by a spectrophotometer using tannic acid as a standard. Total phenolic content was represented in unit of mg tannic acid equivalent (TA eq.)/g. Total flavonoid content was determined according to the modified AOAC method [15] . 100 µL of the sample was briefly mixed with 900 µL of 90% diethylene glycol and 20 µL of 1 N NaOH, and incubated in a 37°C water-bath for 1 hr. Absorbance was read at 420 nm by a spectrophotometer using rutin as a standard. Total flavonoid content was represented in unit of mg rutin equivalent (RT eq.)/g. Measurement of 2,2-diphenyl-1 picrylhydrazyl (DPPH) radical-scavenging activity DPPH radical-scavenging activity was determined as described previously [16] . Various concentrations of each sample were mixed with 200 µm DPPH solution in ethanol, incubated at 37°C for 30 min, and the absorbance read at 517 nm by a spectrophotometer. Reduction in absorbance was proportional to the ability of the sample to eliminate DPPH radicals. Ascorbic acid was used as a positive control. DPPH radical-scavenging effect was calculated using the following equation: DPPH radical-scavenging activity (%) = [(A control − A sample )/A control ] × 100, where "A" denotes absorbance. The IC 50 value (i.e., sample concentration needed to reduce 50% of DPPH radicals) was calculated.
Measurement of 2,2′-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radicalscavenging activity
According to the method used by Re et al. [17] , ABTS and potassium persulfate were dissolved in distilled water and mixed to final concentrations of 7 mM and 2.46 mM, respectively. After staying in the dark for 18 hrs, the mixture was diluted with ethanol to give an absorbance of 0.70±0.02 at 734 nm. After mixing 1.0 mL of diluted ABTS solution with 50 µL of extract or ascorbic acid (standard) in ethanol and allowing the mixture to stay in the dark for 30 min; the absorbance was read using a spectrophotometer. The ABTS radical-scavenging activity of the sample was expressed as µg ascorbic acid equivalent (AA eq.)/mL.
Measurement of ferric reducing antioxidant power (FRAP)
The method described by Yildrim et al. [18] was used for the determination of FRAP. A mixture of various concentrations of the sample in 0.2 M phosphate buffer (pH 6.6) and 1% potassium ferricyanide was incubated in a water-bath for 30 min at 50°C, followed by the addition of 10% trichloroacetic acid. After the centrifugation of the solution at 1000 x g for 10 min, the supernatant was taken, mixed with 0.1% FeCl 3 , and the absorbance read at 700 nm by a spectrophotometer. Ascorbic acid was used as a positive control. The result was expressed as µg AA eq./mL.
Cell culture and cell viability RAW 264.7 murine macrophages were purchased from a Korean cell bank (Seoul, Korea). The cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, 100 unit/mL penicillin, and 50 µg/mL streptomycin at 37°C in a cell incubator in an atmosphere of 5% CO 2 . Each concentrated extract was dissolved in DMSO (50 mg/mL), passed through a sterile 0.2-µm syringe filter, and stored at −20°C.
Cell viability was determined using the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay [19] . Cells were maintained until 80% confluence and then pretreated with various concentrations of the sample for 24 hrs. The cell medium was replaced with 200 µL of MTT solution (0.5 mg/mL) and incubated for an additional 2 hrs at 37 °C. After washing the cells, insoluble formazan crystals were dissolved in DMSO. Absorbance was measured at 540 nm by the spectrophotometer using a microplate reader (BioTech, Winooski, VT, USA). Results were expressed as a percentage of the control.
Measurement of production of NO, PGE2 and IL-6
After 24 hrs of incubation of RAW 264.7 macrophages in DMEM containing 10% FBS, the medium was replaced with 1% FBS and phenol red-free medium containing various concentrations of the sample. After 2 hrs of incubation, LPS (1 µg/mL) was added. After an additional 22 hrs of incubation, concentrations of NO, PGE2, IL-6, and TNF-α in the culture medium were measured. NO concentration in the conditioned medium was measured by the Griess reaction [20] . An aliquot of culture medium was mixed with Griess reagent and incubated at room temperature. Absorbance was read at 540 nm using an enzyme-linked immunosorbent assay (ELISA) plate reader 20 min later. NO concentration was calculated from a standard curve drawn with known concentrations of sodium nitrite. Concentrations of PGE2, IL-6, and TNF-α in the culture medium were determined using ELISA kits (R&D Systems, Minneapolis, MN, USA) according to manufacturer instructions.
Western blotting
Cells were lysed in a RIPA buffer (Sigma-Aldrich, Saint Louis, MO, USA) containing protease and phosphatase inhibitors (Roche, Basel, Switzerland) and then incubated on ice for 20 min. Protein concentrations of cell lysates were determined by Bradford protein assay [21] . Equal amounts of protein from each sample were loaded and separated by 8% SDS polyacrylamide gel electrophoresis and then transferred onto Immobilon ® membranes (Millipore, Bedford, MA, USA). The membranes were blocked with 5% skimmed milk in Tris-buffered saline containing 0.1% Tween-20 (TBST) for 1 hr and probed with primary antibodies against inducible nitric oxide synthase (iNOS, Santa Cruz Biotechnology, Santa Cruz, CA, USA), cyclooxygenase (COX)-2, or anti-β-actin (Cell Signaling Technology, Danvers, MA, USA) for 18 hrs at 4°C. After being washed in TBST, the membranes were incubated with horseradish peroxidase-linked secondary antibodies for 2 hrs at room temperature. Proteins were detected with ECL solution (Pierce, Rockford, IL, USA) and visualized using a luminescent image analyzer (FujiFilm, Tokyo, Japan).
RESULTS

Yields of ethanol extract and fractions
Different solvents of increasing polarity were used sequentially to fractionate the ethanol extract (Et) of dried RMF: Hx, DM, EA, Bt, and DW. The yield of extract and fractions from the dried RMF are shown in Table 1 . Aqueous fraction (DW) 5.4
Total phenolic content and total flavonoid content
Total phenolic and flavonoid contents of RMF extract and fractions are shown in Table 2 . EA showed the highest total phenolic and flavonoid contents, followed by the Bt, Et, and DM. DW showed the lowest content of total phenolics and flavonoids. 
Antioxidant activity
Antioxidant activities of extracts of RMF were determined by three assaying methods: DPPH radical, ABTS radical, and FRAP. DPPH radical-scavenging activity is shown in Table 3 . IC 50 of EA and Bt against the DPPH radical was much lower than those in the other fractions, suggesting that EA and Bt have a much stronger antioxidant activity than the others. ABTS + is a blue chromophore produced by the reaction between ABTS and potassium persulfate. ABTS radicalscavenging activity and FRAP of each extract was measured at 100, 200, and 500 µg/mL. However, ABTS radical scavenging activity of EA was measured at 50, 100, and 200 µg/mL because it reached around 100% at 200 µg/mL. EA showed the highest ABTS scavenging activity and FRAP, followed by Bt, and Et (Table 4) . Overall, EA showed potent antioxidant activity comparable to ascorbic acid and DW showed the lowest antioxidant activity. 
Production of IL-6 and TNF-α in RAW 264.7 macrophages
The LPS treatment resulted in a significantly increased production of IL-6 and TNF-α (Fig 2) . Treatment with EA and Bt significantly suppressed IL-6 production (p<0.05) in a dose-dependent manner; whereas, treatment with Et, Hx, and DW did not. Specifically, treatment with DM, EA, and Bt at their highest concentrations significantly suppressed (p<0.05) IL-6 production of the LPS-treated control to 73.3%, 21.8%, and 30.1%, respectively (Figure 2) . Treatment with Et, DM, EA, and Bt at their highest concentrations significantly suppressed (p<0.05) TNF-α production of the LPS-treated control to 49.1%, 30.6%, 58.6%, and 58.6%, respectively (Fig 2) . TNF-α concentration in the cells upon treatment with Hx and DW fractions was not measured because Hx and DW showed relatively low phenolic content and antioxidant activity with no suppression on PGE2 and IL-6 production. 
Protein expression of iNOS and COX-2 in RAW 264.7 macrophages
Extremely low levels of iNOS and COX-2 were expressed by cells under basal conditions, but protein expression of iNOS and COX-2 was markedly increased (p<0.05) by LPS treatment (Figure 3) . However, pretreatment with the Et, DM, EA, and Bt resulted in significant reduction of iNOS protein expression compared with no treatment (p<0.05). Only Bt pretreatment resulted in significant suppression of both iNOS and COX-2 protein expression in LPS-treated cells. Treatment with Bt showed significant reduction of iNOS and COX-2 (p<0.05) to 48.6% and 68.8% of the control at 25 µg/mL, respectively. Treatment with the other extracts did not show significant reduction of expression of COX-2 protein (Figure 3) . Figure 3 Inhibitory effects of RMF extract on iNOS and COX-2 synthesis in LPS-treated RAW 264.7 macrophages Et: ethanol extract, Hx: hexane fraction, DM: dichloromethane fraction, EA: ethyl acetate fraction, Bt: n-Butanol fraction. (A) Cells were treated with the sample for 2 hrs, then LPS (1 µg/mL) was added and incubated for 22 hrs. Equal amounts of cellular proteins (50 µg/well) were subjected to Western blotting. (B) The visualized proteins were quantified by densitometry. Each bar represents the mean ±SD of three separated experiments. *significantly different at p<0.05 from LPS-treated control by ANOVA/t-tests.
DISCUSSION
ROS are generated constantly and can cause extensive damage to tissues and biomolecules, which can lead to various diseases [22] . Several synthetic drugs protect against oxidative damage, but these drugs have adverse side effects. Thus, the search for efficacious natural antioxidants continues. Phenolic agents present in plants have strong in vitro and in vivo antioxidant activities associated with their ability to scavenge free radicals, break free-radical chain reactions, and chelate metals. Increased consumption of phenolic agents has been correlated with antiinflammatory activity and a reduced risk of cardiovascular disease and certain cancers [23] . We discovered that the antioxidant activity of the ethanol extract of RMF and the fractions from the extract were closely correlated with their total phenolic content or total flavonoid content. The total phenolic content in the extracts were significantly correlated with the IC 50 for DPPH radical-scavenging activity (r= -0.6807, p<0.01), ABTS radical-scavenging activity at 100 µg/mL (r=0.9499, p<0.001), and FRAP at 500 µg/mL (r=0.9814, p<0.001). Total flavonoid content was also significantly correlated with the IC 50 for DPPH radical scavenging activity (r= -0.7398, p<0.001), ABTS radical scavenging activity at 100 µg/mL (r=0.9089, p<0.001), and FRAP at 500 µg/mL (r=0.8925, p<0.001). However, our results cannot be compared with data from other reports because the total phenolic content or antioxidant activity of RMF extracts has not been reported.
Inflammation is a complex process regulated by a cascade of cytokines, growth factors, NO, and PGs by activated macrophages. NO is a short-lived molecule that has an important role in various physiologic processes. However, NO overproduction can activate NF-κB to induce expression of proinflammatory mediators and can promote inflammation by increasing cyclic guanosine monophosphate, vascular permeability, and transmigration of inflammatory cells to inflammation sites [5, 9] . NO toxicity increases considerably if it reacts with a superoxide radical; thereby, forming the highly reactive peroxynitrite anion, which leads to oxidative damage and tissue injury [22] . Chronic generation of the NO radical is associated with various cancers and inflammatory conditions, including diabetes mellitus, multiple sclerosis, arthritis, and ulcerative colitis. PGE2 works as a common final mediator of the induction of fever. Proinflammatory cytokines such as IL-6 and TNF-α evoke elevated levels of iNOS and COX-2, followed by a significant increase in production of NO and PGE2 [9] .
In the present study, EA and Bt fractions from RMF ethanol extract contained denser phenolics and flavonoids than the other fractions and also showed very strong antioxidant activity comparable to ascorbic acid. It was anticipated that EA and Bt would show potent antiinflammatory activity because ROS is a strong inflammatory stimulator. As expected, treatment with EA and Bt resulted in significant suppression of pro-inflammatory mediators such as NO, IL-6, and TNF-α in LPS-stimulated macrophages. The treatment with Et showed the third strongest antioxidant activity and also showed significant suppression of NO, PGE2, and TNF-α production. Treatment with DM resulted in remarkable suppression of NO, PGE2, IL-6, and TNF-α production comparable to EA or Bt; even though, it showed significantly lower total phenolic content and antioxidant activity than EA and Bt. A substance present in DM could have more potent anti-inflammatory activity than antioxidant activity, but further research is needed to discover its identity.
NOS is present in three isoforms: neuronal NOS (nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS). nNOS and eNOS are expressed constitutively and play an important part in normal physiologic activities. In contrast, iNOS-mediated NO production can promote pathologic inflammation. Therefore, selective inhibition of the activity and expression of iNOS is a target for the treatment of inflammation. NO can activate COX, which in turn leads to production of proinflammatory mediators, such as PGs. COX exists in two isoforms: COX-1 and COX-2. Selective inhibition of COX-2 has been suggested to be an approach for the treatment of inflammatory disorders [5] . LPS induces selective expression of COX-2, and dexamethasone selectively inhibits COX-2 expression [24] . Allegra et al. [25] found that several polyphenol phytochemicals can inhibit activation of the transcription factors that up-regulate COX-2 expression; thereby, blocking the biosynthetic cascade leading to the synthesis of PG mediators. However, in the present study Et and EA from RMF did not significantly suppress expression of COX-2 protein in LPS-stimulated macrophages even though they had high phenolic content and significantly suppressed PGE2 production. Conversely, treatment with Bt led to significant suppression of expression of COX-2 protein without significant suppression of PGE2 concentration in the culture medium. These results suggest that the extent of PGE2 released from RAW 264.7 macrophages into the culture medium does not always correlate with expression of COX-2 protein. Additionally, EA fraction, which showed the strongest antioxidant activity as well as remarkable suppression of production of NO and PGE2 in macrophages, suppressed the expression of the iNOS protein and COX-2 protein less strongly than Et, DM, and Bt.
These discrepancies in results between NO production and iNOS expression, or between PGE2 production and COX-2 expression, might be because the production of NO and PGE2 was evaluated based on the concentration of accumulated NO and PGE2 released from cells into the medium during the entire incubation time. In contrast, protein expression of iNOS and COX-2 was measured in cell lysates harvested at the end of incubation with LPS and extract. Production of NO and PGE2 can not only be affected by the activities of iNOS and COX-2, but also by substrate availability. Additionally, suppression of PGE2 concentration in the medium caused by treatment with Et, DM, or EA may have been due to suppression of COX-2 activity rather than expression of COX-2 protein, and/or direct suppression of the activity of microsomal PGE2 synthase or inhibition of the activity of 15-hydroxyprostaglandin dehydrogenase, which converts PGs into inactive forms [26] .
CONCLUSION
The ethanol extract of RMF as well as the dichloromethane, ethyl acetate, and n-Butanol fractions had potent antioxidant and/or anti-inflammatory activities in the LPS-stimulated macrophage cellular system. Thus, it is suggested that RMF is a good natural source for the development of a beneficial functional food preventing various chronic diseases, the pathology of which is associated with oxidative stress and inflammation. However, further studies are needed to identify and isolate the compound that elicits strong antioxidant and/or antiinflammatory activity, as well as the underlying mechanism of action.
